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(54) LUMINESCENT ELEMENT, WAFER THEREFOR 
AND MANUFACTURE OF THE SAME ELEMENT 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide the element 
having higher blue-light emission luminance. 

SOLUTION: In this manufacture, a gallium nitride 
compound material 9 is formed on a GaAs substrate 8 
and thereafter, at least a part of the GaAs substrate 8 is 
removed to form a luminescent element. Thus, the light 
absorption of this element is by the absorption of the 
removed part lower than that of a similar element in 
which a GaAs substrate is formed all over the 
corresponding surface of a gallium nitride compound 
material and accordingly, the objective luminescent 
element having blue-light emission luminance can be 
manufactured. 
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Jfc^^JKriH-S. rixJci'?, GaAsSS (8) # 
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1 ] G a A s *K±IC»ft# U * -Mfc*** 

[»#*2] «HE»t^y *^t^*tt. GaN'<i> 

s!!EGa AsS«<Z3^T2S|**£ft5, «*iSlfClE 

[i***3 ] lulSG a y 7 rlBi WIS G a N^tf 
^^^-y/l/JBiO-S-ff^JBaftt. 7 0 ^ m^_L4 0 0 /a 

StrlSG a N'<iy7TfMkwi&G a Nx fc^ 3r v^-*r yUjg k 
^GaNSfi^tS, »** 2 fce*<0*##iP/H 

4 ] ffilSG a A s S«(©Bft*tt, ««J0XI» 
£ t l o<a^«fc: J: *? f?fc 5 . IS* 1 ! l fcflE*<z>*#X 

[1(1**5] WlB»tiEfy ^^-ffc-&4fcW:, G a N>* y 

1 G a N^tf^V^/Wii;, I nGa N*tfr8*B 
S2^AlGaNxtf^^^;>ii x 2 COG a 

±2 0 0 /imWTOJBW«r*f U 

BUf£G a A s Ste03-^rasfife*£ft5; !S**5 tris 

[»**7] «rs«t#y fr-Mfr&fctt, i 

7 0 MmJKT^JRffSr^TL* 

IIHEG a AsSWM< £fc Xlitt, 
9tfl5Ga AsS«O^T*Bfc*+3Xa*^tf. IS* 
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[fll#iSl0] lWEifft»JRtt. 3^mUt±2 0^mJ^ 
T^tSir, 0. 05/imJ^iO. 5 ^m^TG0i?^££ 

1] GaN/^77liGaNxt'^-> 
-T/Wi£:£^tfG a NSfitttx., 

mflEG a N^<^ cbmTlEG a tf ^ k 

10 <^fh£>Jlg/?te. 7 0/zm«i4 0 0 /im^m5 > 

2] i«ffi*:tt5GaAsSfii:, 
B&IEGaAsK«O^Sffi±fc:?gfiSStt?t. #6*5<tt>' 

ffi&mttfl) ^7M\L%m\±. GaN^i/7rl^ JR 1 
^GaNX^^^yjf/Ui^ IlcOAlGaNxl^^ 
^v^/UJIi:, InGaN*$tf«)tIt, »2<^A1 
G a N^tf^+v'-V'/l'Jf !2(7)GaNxt:^^V-y 

20 SulSG a A s S«<z>— «$asRfc*£ ixT m^Mitff V 

[»#fli3] m&mitmtfv &M\&&\±. 

7. 0 ju mWT^HStff 4:*-t-5l9** 1 2 [C|£«C0^ 
[0 0 0 1 ] 

30 £tt*Ctt, a^y^A (G a N) 3R¥SK**«fflLfc 
[0 0 0 2] 

[«3fe<0SE«] ifi¥, G a N3R<&*#*^a*ttS**» ' 

40 ffi*®*U*»nK*&^^*i\ «iaxS<z>ffi»Hfc£ 
[0003] f-^r-<T»«r±#Httjfls*v><o 

ftit, ^yrJrAflt^ (G a A s ) g«£f£ffl L*:3gft 

¥8- 1 8 1 0 7 0-^^cffl^£;ftT^5 o 
[0 0 0 4] 

50 Li 5 k-f&mM] Lj&»L*asi&, -cojt 
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As«K*iia-t-S*ASRiR$^ 

f-iS^Sif-ioT&^So in5#, GaAslg 
*ffl^fc»g\ «#<0*H^&S#RJRff# (cm" 1 ) 
d?, 1. 4 8 e VJ^±COx^^)t{c^Ltl 0, 0 
0 0K±©ttift!) % I#<75f77^TSfi(O10 0» 
^li^So ^<n±£>, GaAs£S*ffll/^« 

[0 0 0 5] ^ <Z>3gW<E> 1 0<7>g[ftte, £ Q $g3fcjWgGr> 

[0 0 0 6] r<Z>35iMJa>fc5 10G9@#jJ;£, 3g#*^/H 

[0 0 0 7] 

a As) *K±tcS*fc;tfy PMk&lls&Bari'&o *u 

^Bt*S«^/j:< it— »*l»*-fSo ro£5te, 
#y *j*«#£«©^fc< ifc-atftitaril-i 

^«r*A^«a-r5^idSpIflBi/jr5 0 - 

[0 0 0 8] _tffi*ffc;tf y £ ivffrg-ftifc:, G a N/< * 7 
iG a Nrc^^-wWIi^r-g^ ±fEG a A s 
S«<D-f^-CJ&s|»*£*i5£ LTfc£v\ rcoS 
-g\ 1EG a N/< -X 7ri i±EG a NX fcT# dfi/t A' 
Ji i CO^ff ^JBIfftt 7 0a mi^± 4 00m 

A* i HG a NS«^r1g^c-t-^ 0 
[0 0 0 9] ±15^^ y ^ASfc5R£Scr)|»*tt. «S«AD 

x»**«, ttx (cui ^tffl^fcyr^T^r 
>f*^3i5'^^tc£si»*^H:, iifi^t: 

**i*fflV^fc^3:y haiiy9 1 ^^c:£S|**^«, # 
BHfl^tfrffrk* (hci) #*0>#Hft c t , 'C<z>5> 

<t 5fc«^L-cfc£»/\ ±eo»K#y o-Mfc-g- 

4btt. »k^y^A (G a N) /<)X77i^, IlW 

MM (AlGaN) x-Vf^-is + ^mk. 'f*Sz?$J*tf 
y £ (I n G a N) *<&tr*#Ji i . » 2 <£>T /U 
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;x^^y^Al| (AlGaN) xfcf^v'^/UJi 
i. I2<^G a N^t^^r^/Wl i ^Ay-C^Tfe £ 

0 0MmBT©B(irtL, # y ^ffi^Sffio-^T 
^fifc££ii,5£ 5tcLXfc£^o mttfVtrMk 

1 A mBl 7 0^ mWTC0flIi?^^Ti-$ £ 0 
tftSiiti:, ^y *A«3(JS«<©-tts r |»s-t-5£ 

5^LT&£v\ 

[ooio] jbesfl:*/ y * A>ik&to$:Btiti-& is 

10 4:, G a A s i«±t«»Rd^45^ h 7-T^<#- 
y*Mt5IIi, GaAsiSioi^F 
7^/^->±(CG a N*5£tf A l'N<?5V^tl*^6 
?i5^777l^t5XSi:, *^<ix7 7lil: 
G a Nxtr^^v'^yuJlSrjRjS-rsxSi^tpJ: 5 K 
*fifc-*-5iifcK:, ±EGaAsS«<o/M<ifc-a! 
*»St5l84:G a A s gSco-^T SrBfe^S 16 
£r^fr£ 5 «LTU^o roo£5frc. 

ft5^j/77l^«ttJ s G a N^fcr**V*yU/dc««<Z>*£ 
0 /xmSJlT^H^ 0. 05/iml^J:0. 5 /z m^XT^ 

J¥*i«r*r*-5<z>a5#* 

[0 0 11] r<^^^co{t&cO^M^£S^^:^^ffl^^ 
G a N^<^ 77liG a Nxt'^^v't^i i £ 
^GaNlS^fix.tV^ 0 f LT, ±EGaN^* 
> r r/li±i5G a ^^^^jBi^^th^JHff 
fit. 7 0/imHl4 0 0 /im^Tt5)5o r<0£5£- 

30 (nfo&mmcxz&ytm+mv^s^X'te, GaN^*:? 

rliGa Nx\^*i^/U/ii^£fG a NSS^r^ 
it £r i^£oT. ^£>G a NSS4r**?*4ffl^ 

co»HJc£5K»fffi4r#*JcsF»^^*. -tOjfc*, i" 
[0 0 12] n<Z>*M^$&fctt<o«ffi*c£5«3ie* J F- 

tt. ^y^Ast^s«i, »k^y ^-Mb-s^i***. 
40 r^s 0 #y £AafcS£«fi£*ffi«r*UT^s 0 2fc 

# y ^Mfrg-fttt. ^y ^A8fc*S«<©±*B±^*flR 

Z.<D&ittf!) *-Mfr&»f±, »W!l?^<i/77l 
i, »i <^)G a NfctT^^V-y/uJii. Ho7/K^ 
r^A^/y ^A2J|3ifcr#^r"i/-yA'Jii, ^f^^#y 
^A^S?^^tfl53tiSi. ^2C0Tyu^-r>A^y r^A 
ttKfxtr^^-v'^A'JBi. »2©GaNx^^Vt^ 

50 -5o nco£ 5 ?jtc{dic^^Htc£^^^^^T + 
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[0 0 13] 

[ooi4] (Mi <omm<omm) a i w*3bm^sb i 

1 (a) f±KIHt*S)9, 01 (b) liBl (a) 
Slt'fe^o 01 (a) *Jit/01 (b) *#fiRL-C. 
*38MO»l COHJffiCO^^-C?^. GaAsg«8^ 

«/a*ftT:fc9. Ga AsS«8cofBiJ5'coaDBJt{c:tt4E 

ffi*ffi±K«:£»*ffi7 a£S®/££ft-C^£o 
[0 0 15] 2it*»fi9»4, G a Ny<>y^rM 1 
nSGaNx^*i/t^S2i, nfAlGaNit^ 
***>*/l/Jl3£, InGaNM4^ pSMG 
a Nxfcf^->^yWi 5 pSGaNiW^W 

tt. I nGaNMl4 0PlI^ N ^^yKliUTO 
A 1 G a N3ihr##i>^ryU«3*5J:t^5^J:o-C»£^ai 

Nrcb^^r-^^/U® 2 £ p^G a NX fcf ^ *->-^/UJH 6 

"C^5 0 rftf*, nSGaNxhf^^^M2<!:p5! 

^!A 1 G'a Nx^^^v'tM 3joJ:(;pSA 1 G a N 
xfcf^v'-wWiS btt&i-Zk, Btfttticflfft-c^S 

[0 0 16] :^t\ Z-<D% 1 OUffiCO^^T'ii. Ga 
As S«8©— S8dS|»*StLr*J!9 , *<e>Bfc5fe£ftjtSS 
5>T^G a N'<s>:7tJ1 1 O^ffiasgffcHaFtl-C^So * 
fc\ ^Rlg7 bfiG a A s SffiCO^^tL-CI/^V^ 
#1 O^ffifcJBjSSft"^*,, ^c^i rc??M 

KDmm<ommxn y GaAsiS8^-«*issit5 

T^fcSB^^fctti^-c. GaAsIg8{:iotKiR 

[0 0 17] ftjb\ r<D»l<DHJfi(75?gll8^*5fi-Saft 
9 OJRffW:. 1 m m«± 7 0m mtiT^K^i- 

5 0 r i 5 CSftftiSA 9 *ik»fi«iSI< »«tSo 

fi. Ga AsSte8<D»&LT^3tt#l OK£95fcJ8 
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fc\ GaAsS«8©3SALt^5iiS»10tt, &5^< 

[0018] aft»afi9 ^G a Nxe^^rVt^l 
2*3j:t^6KX#t-0«"Jltt, 0. 1-0. 2/imi»t>S 

G a NX f^v^/Uji 2Jb'J:U«6 <7^§h£>/?^ 

i tiffin is "c*>5o Lfca*o-c\ w^wsA^<r>w^^ 

10 « jfca&Ktt:, G a Nx^^af->tM 2*5±tJ c 

6<75i?^.«r*&<^-5C:4:ias%^e)Jx5 0 .S7t. I nG 
a N*3tJl4«r*tf^7y Klti^nlA IGaNx 
b*^3r>'-y/lWi3 i p^A 1 G a N x fcT * * * ;UJi 5 

[0 0 19] ftfr, H2*5i^H6 *#RBLr, Ell 

(a) *5j;tfl2i (b) t^Lfc*i co^ffico^fifcj; 

20 m&m*i?V7^ K^ffixtr^^-V^r/Uffi (MOCVPE 
ft) ^fflu>fcaLfcf#*^y^f>xy^co«iS^cffl^/^^b^^S 

^SAD 5 1 t»2<Z)^An 5 2 53^ 
SRfi^-VV^S 4 <!:, roKlS^-f >v< 5 4 <Z>^ 

rtfwtaftTK* (hci) sR^xj/^v^ffifciOmr&a 

30 ^tl7tGaAs (111) A®SS8^rS:It5o Ga 
As (111) AffiS«£tt\ G a A s (ill) ffi"C 
COG a ffi^rWt5Sg<^r ch^f *t5o 

[0020] t&mmt-f 5 sfcj: osit^ 

4^*4:^W^?>*D}RL-C£S8 *5 0 0°CK{£ 
»bfctfcffl*C-t-5 0 £<Z>:Rtt"e, Il^$AP5 1 
^<b, I I iKI^tLthy^f^^A (TM 
G) iBitrtfrffc** (HC 1 ) ^-tft-Fft* #JBE8 x l 
0"*a tmft£tf8X10' 4 a trnt'SAt^o -^CO— 

40 Ttf* (NH 3 ) £#JSE5. 6 X 1 0 _1 a tmt'iAt 

k\Z£oX. 3 0nm^)l?^tt5GaN 
-><s/ ^r® i £rG a a s £«8 ±tc?g^-t-ao 

[0 0 2 1 ] r^^, GaWs<¥7TMl&J&f$i$tl1t 
G aAsI^8^SiMt-^ 5 5 K X o TAPSSi"S 

r£KJ:9, 8 5 o^c*-ci:#?-£-tt5o TM 

G. HC 1 loiONHa (Z)&E**tlf ft, 8X1 0~ 4 
a tm, 8 X 1 0-*a tm, SScfctf, 1- 6X l O^a 

50 /U^cS^-ttSo V , GaN^<iy7ril±fC^ 
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aiGaNx fcf ^ * v'-wWg 2 £7f5/&-r£o 
[0 0 2 2] Ga Asg«8^7EJ^«^0&fc: 

— # 5 5^ffl^T8 0 0 — 85 0 t<afiJKfcl£Hr L#as 
fc, TMG, M>^7A;^^ (TMA) v HC 
l**£t*NH 3 TMGiTMAt(D»flE^L<i 

[0 0 2 3] gfcfC, r(OGaAsS«8C0?flJ»*efitiD 
S&t— ^ 55(CJ:o-C5 0 0°C—7 0 0 °C <Z) IS IS f 
T"6 0 -Og, TMG, TMI, HCl^'i^NH 
3 TM I O^BSTMG^E02 Off iiSftfr 
Tf»AU-C, 1 0#F^t^^i^w£§£ J fcr£o 
*UC«fc9. Ino. 3 Ga 0 .7N^^^Ml4W 

[0 0 2 4] 2fcte* nSAlo.i G a o. 9 Ni»5)ft5x 

6 0 ~<7^e^^/lWl3:fcJ:t/5tt. &ytm4&& 

[0 0 2 5] pSA 1 G a NX W^f^M 5±(C, 
±f£C0nSG a Nx^^^r^;H2«»iPli: 
?Bj«*{*T"e. P SGaNxtf^^r^H6Mft 
So ft:fe\ GaNl(3At5K-^yhHTH n 
STItvyny (s i) Sfcteffift (S) pSfCO 
^"a^^v^A (Mg) £fflV>£ 0 InGa 

G a A s 8 O JilEx td'^ Vt^f l^M 

t5 0 ££>WB»Hc iot, 6 0 0 m m 5 G 

a A s Sfi8^ft 10 0 MmCOj?^fC®/^^-ti:So 
[0 0 2 6] r ±S^oJ:r;TS^3 0 0 nmOi? 

^CVD£) ^iO^-f-So rlt, -^-cqs iO a 

[0027] yr^f^^sj/fy^St 
(H^iH*) »^ts i0 2 RfcioTv^^y^^ 
ftt^ft^flS^G a A s £«8 *l»it5o r^*C\ 
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[0 0 2 8] ^O^-coSfttt^-^ £ UtC 1 2 
SfH"o wtf>SHHfcJBE£: 1. 3X10 " 3 a t 7? X-^r 
*****5*:»<75iSJBj8Ea^J (JSKK^i 3. 5 6M 
Hz) IrlSOWCRSU GaAsSg8^xj/fy 

[0029] r^i^fcLrs i0 2 Mv^^^Lt 
y r^f^^tyxi/fy^g^^tG a a s s 

10 «8<©-8l5«rl»*i-5 0 S i O a JR*fifcirU 

G a A s IS80S i O z BtSrfift* L fcSP^ScS^ 

piG a Na:fcr#*^A^Jl6<©*ffi^fc&JRSffi7 a 

?:^«i-So rcoi;5tcLT, 01 (a) 'doit/Ell 
(b) ^L/cSkz) §?J£<z> BB\z-£Z¥ y/^r u 

[0 0 3 0] (M2C0HJgC0Bffi) 0 2:fc<£t>*0 3 
0gL-c, ^2co^ffico^Sitco^-c3i^^So r 

20 (a) ^LAcMlCO^lgO^^cO^^^^^S^^, 

EI3fc*-*-J:5UU GaAsSfi8^:»*Sftt 
[0 0 3 1] rcoHSS^^^^iS^^t^^^^^ 

X\ »fcft«*9«:. 01 (a) fC;^L)fc»l 
«8S<Z?*it<kH«, GaN^77rilL nSG a N 
x^^^VtM2([:, nSAlGaNX^^'y^ 
®3<t, InGaNOT4i, pSAlGaNx^^ 
30 ^is + AsM 5 pSGaNxe^^'yt/H6d:C0 6 

«ffl'2<©*#*^PCI*, Sl^MiiSW, G 
aAsSS8^±»±cfttt^5^t% 

C0^JfeC0^fi§-Cf±. S^Ssi 9 0^®^ 7 0m mBJ: 
2 0 0 iim^Tl^^tSO^m L^o 7 0/zm*$ 

[0 0 3 2] ?Wb\ GaNxt7^'y-v;Uf2^J;CF6 
40 ^Sit«)iS9 0«-Jgfj:, 0. 1-0. 2'/x mi* 

jftk:»v\, Lfc^o-c. nested. 2-fk»a*9<^»* 

fit, G a Nx^^'yt/Ug 2:fc«£tf 6<0*§f^/S*i 
12ffPDfcfcSo Lfc^oT. »fc4*»i9.<Z>ff**'*# 
jD*-fr5fc*^tt, G a N3itT^*VY^JB2*5it/6 
<©ff*«r*«^P*-li'5<©tt : fira^S>5o InGaN 
K3K/B4«rPi«l^&»6*iitp^9y KStWiilA 1 
G a Nx^^^;Hg3 ipiA 1 G a N:s:fcr^*-i/ 

50 [0 0 3 3] EI3 tc^UfcJS2coj5«&<73?fgaBfc J: S583t 
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Sfc-F-Ctt:, G a A s S*8 **4lC|»it5i it ±o 

So 

[0 0 3 4] (a3{r^U7t^2coHffico^^^i^^)t 
GaAs (111) ASSS8J:(CGaN^^77 

rJB i tt2^4fe«*9©ff^«ctt&S!9#^L4:i/\ ft 

iC, G a N/<^ 77S 1 «J tlfcG a A s iffi 8 ^ 

S 0 ^OOgL TMG, HC lWOTHa <73#EE2:, 
tl^tL, 8X10"*atm. 8 X 1 0 " 4 a t m*J± XJ 
1. 6 X 1 O^a tmlca^L, *<Dikt$TX\ 

^COniG a \£ ^ ^ v^/Ujf 2 t>m&£ ixSo 
[0 0 3 5] ftK, GaAs 8 <Z>?flJK*lgfiB!ra*fc fc: 
5 5 t±ot 8 0 0-8 5 OtOiiSiCtSo 

-x\ tmg N k y ^^vutvi^-^a (tma) . hc 

1. *5«fctfNH 3 4\ TMGiTMAi:^JBEi5*U< 

+;U«*S-fr5o ^ErCO^^:, nlAU.i Gao.o 

9 ^s^AsM 3#?B/jfcSjft,5o 
[0 0 3 6] ftfC. r<Z)G a As S*E8(3OfflJK*S6tS0 
Sftfc: — * 55(ciot5 0 0°C— 7 0 0 o CC0^SS^^?M 
"^So CI<£>^ TMG, TMI, HCl*5<fctWH 
3 TM I cO^TMG^^2 0(Si^5§ft 

tlS 0 

[0 0 3 7] r<DQL nS?A 1 o. 1 G a o. 9 NA»&/£5 

SAld Ga Q .* N^<o&Sxfc^*^/UJi5 £r?g 
/£^S 0 r^nSA 1 G a Nx^^iz-yM 3 i pi 
A 1 G a N^fcf^v'-y/lWiS t teftytm 4 £:#5tr^ 7 

[0 0 3 8] pSAlGaNx^^r;/tM5±(C % 
±IEC0nS!G a # ^V-^UJB 2 £H«0>ja**«= 

*flH^Tpl!G a NXL^:3ri^/UJl6£j£g£-£So 
ro|9:PgT*^fc: 0 ^^'>^^S^TL, —J., G a A 
sSSSiWfeSlllto tit, GaAsiS8©x 

7*^? 

a As &R8a>J¥**iW 10 0 a mCQi?^-fC®^$-ti: 

S c 

[0 0 3 9] *<Z>SL GaAsS«8*3:yf^»ffl 
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l/T^tUX", #flE"C% g«t&S£8 0 0°Ci: 
1 0 s c c m£Snh, ~ *UC£ 5 , G a A 

ott^tiitSo 10s commit 0°C1 

«EE*C 1 «fJJtc 1 0 c c 5 0 
[0 0 4 0] ±f£<£>£ GaAsI«8i5xjx 

GaAsSg8^t6K^ V^£ffl^T^ 
10 #>G a AsS«8<75ff^«:*jl 0 0 ix m\z&'J> 

So 

[0 0 4 1] »fc*»*9<0±ffi£Tffii:k:* 

03 Kl;^£ttS J: 5 4, AlGaNxe^^r'>t^l3 
4b\ g| 3 tC* Lfcafcfeffiali 9 ^^i?^^ 2 0 0 /z 

ytm**m&-f?> - kfcxz s 0 

[0 0 4 2] fc:jb\ GaAsIg8*iJ6RT, 
Sfe%x.f)^o JtffWt-tt. ^2^^Lfct^Sico^)fe 

30 *flE«:l. 3xi0 _3 atm, /yXv^MJ^^ 
*><£SfJSJ;&fi27*l 3. 5 6MH z"Cl 5 0W[:^L 
t\ GaAsSS8^^fy/t5o ^<D'&, 
^~t£ 5 \z s GaAsSfi^±ffiiTBl:, rf— 
tt^^rJSm«7 a *5 ±tf7 b^r^rii-enSS^i-So 

So 

[0 0 4 3] yr^f^^^ii/f^* 

ci a ^h 2 icoa-&*r^-c*fcra«<Da*«:»s 

40 ri:^t'#5o ro«-&<Z5^<O^JEtt 1 . 3X10 -4 
a trru y7XTt«tJ^5fcii)(Z)HflKSAlil 
3. 5 6MH z-CSO-3 0 0WTa*«l«i/f-y^ 

[0 0 4 4] (»3<0|!16<Z>Ji5ffi) J^T\ 0 4*5itfH 

EIs^^^lt. rco^3^HJE^Sgco*>tSi^-e 

tt. ±5SL*:JBl jootC^M2CO|IS£co^flS^tiS^ , 9. 
S^k^lSS9^. GaN>'<^7rIli:> nSGaNx 
^^Jryt/H2^ I nG a N3g^feii4 <b, piGa 
50 NX br^v^/WI 6 iC0 4 0<0®(C iotMt^o 
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{C^o^TG a A s SS 8 ^^^J Ga 
Asm&8\z£vXfttf&i&£ii&Zk&t&\ rcOTt 
», Hi (a) lc^UfcJBi<z>*Jfi<o«(B(©«**^tc 

[0 0 4 5] WFfc, [2 4:fc«fcO<El5 4rffl^"C*3<Z>3l 
[0 0 4 6] *-*\ IS 1 coH^B^^Sig^D-tr^^ 

^5 4rti:t<t** (HCl) ^(©^y^^WT-fML 
l^ilThGaAs (111) ASSS8^St6o 
[0 0 4 7] Rid, IgfitAnJRfc:"-* 5 5 \Z £ o X ftttfa 

f) SJ5f t ^< 5 4 ©^tf^rW L t G a A s Ifi 8 ^ 
5 0 0°CfC{^«Ff £o rotfcSg-C. ^lC0^/^i$Aa5 

i^e>, i i isaKWi: u-c h y >9vu#y (tm 

g) fcit/tfrft:** (hci) ££^^ti£«8xi 

0" 4 a tm*s«tr5 8 X 1 0 " 4 a tmt'»At5 0 -^O— 

T^-X (NH 3 ) £r;9«5. 6X10- l atm-C»At 

iir£ 0 rtU£j;9. 3 0 nmCOjRff«:*r-#-SG a N'<;y 
77l l^Ga As S«8fi9*ffi±fcl?g/£-*-3o 
[0 0 4 8] ft id. G a N^Z7rJi 1 tufcG 
a As S«8^?flJK4:lg:fitJla}Rt"-^ 5 5trioX8 5 

o°c*-r*Ja?£-r£o ra>fft. tmg. HcifcWNH 

3 <DftEE&, ^tl^fi. 8XlO"*atm, 8X10" 4 
a tmWt/l . 6 X 1 0 _1 a tmiC^L, 

rr% ioo»wxw*^«*st5« rn^ct 

9. S/im^P^^tt^A^^nSGaNxe'^^ 

[0 0 4 9] ftfC x GaN/<ix77ll*JJ:ynSGa 
N^fcf#*i/-V/Ua2 A5»J«StLfcG a A s S«8C0fE 
JK*166Wraffcb:--^ 55Ciot5 0 0°C~7 0 0 o CO 

A (TM I ) . HC 1 *J<fctfNH 3 TM I <£>#ffijfl* 
TMGG05*/£Ol 0fff£tt£*#="CiSAU 1 0 
^*^/W£S£ii:£>o rixicj;9, In 0 . 3 Ga 

[0 0 5 0] ftfC, nSG a Nx. tf # **>-^yUJi 2 
*Lfcft«=ilSIi:ft«=T-C, piGaNiW*^ 
!6^Mt5o rcoj: 5KLt\ EI4 fc*H-J; 5 ft3B 

[0 0 5 1 ] ~CO&, -€-^3Sjt*^-ffl<^3ifcr^^ri/^>rU 



(7) »§8^1 0-1 14600 
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^?T*im&x\±, Mm (H a ) ^^^yr^i 

L"C\ S«raS^8 0 0t, HC 1 * 1 0 s c 

cmXM*t<, ZtlicX'O, GaAsiS8^x;/fy^ 

[0 0 5 2] fOg, fCOi 5 ^xt^^->t^^x/N 

JlSiJft, I nG a N«*Ji4iSrxSG a Nie^ 
v'-f/i'JI 2 £ plG a Nx^n'>t/Hl6 tfcioT 
^^^7t«it^^i-^m3 0^^^^iS^r/^ 

<frv\ ua>U ±feco J: 5 Lt^^ 3 co^j&GOB 

tr^, G a A s Sffi8 ^fflV^c^Sf i 9 

20 [0 0 5 3] Cl<Z?«3tH, ^7;/ KJiifcS, n^G a 
N^t^^-yA-JI 2^it;plG a Nxb^^r^ 

3e-e*>5 0 Ld>U *Jt*«it5l-#-5G a AsSfi8^ 

[0 0 5 4] (J£4 (Dm&Vj&m r 4 <^nss^ 
ffi-Ctt. Si\ G a A s (111) Affig«8 £f?*0:5l 
Lfcf£, EI 6 ^-fSPt^^ ^< 5 4 F^fCOG a A s 
(111) A®£.g8^rsS:Et5o *LT, WaA 
.30 s (111) AffilK 8 ^rg^PS t - i? 5 5 ^ i o t 
flOfRU GaAsifi8^5 0 0°Cf:^t5o r<Z>tfc 

-jg-e. si^saps 1^6 hy>f^#y 

(TMG) ioiC^fcTK^Sr-etU-Ptl^flGS x 1 0"*a 
t m^J:t>*8 X 1 0"*a tmt'SAtS. — 
^5AP5 2^^7y^x7^ (NH 3 ) £#JEE5 
Xl0- l atmt'gAt5o 5 5>M*ft$ 

iirS^ aciot, jR3 0nm<OGaN>'<S'77S4:G 
aAsSS8±f:jjlc8^5o £ -COG a A s S 

«8«:SfitJ!l0jRfc— ^ 5 5\££<?XM&-tZ>Z. tKX 9 
40 9 2 0t:£-el?-ri/f-5o TMG x HCL. NH 

3 COf n^'iXCO^S*:, 2X10 " 3 a tm, 2 X 1 0 " 3 
atnu 2X10" 1 a tmCS^L, 1 0 P^ffl^cS £ -fr 
So tOlB*^ GaN^5/7rI±^10 0Mm©G 

iS, ^GaNx^^^r^/Uft ^ffit^^^ffi*^" 

[0055] ftjc, iSffi^TK^TK^rv^-rt^ffSf 

50 *t-C2*tl liLftxs/ftVh^a 0^F«1i7^ 3/ h 



13 

r<75i5t-UT, GaN^^7riiGaNxfcf 

[0 0 5 6] fci*.tt, ^-Wt-KfflSffiilt 
t^SbT-^^o r CQG a Nifit'HG a NJB^TKS'Wi 

[0 0 5 7] *BB*C±a<0*iS6-C«aLfcGaNS«± 

HJ&^TKfii iPIfll^ffitcio-c. TIE J: 5 ^ 
S&^^n3ifcrri»*581fiL*:o G a Nl 

*«T«J«i-*GaN3i^*->^/UJi±fc, NH 3 
* 1 . 6X10" l atm, TMG, TMA^C6 X 1 
0" 4 a tmggSAl, 8 5 0tt*«10M^^t 
So r.*lf-J:9. AlGaNlMtSo -iE-CO^. 8 
OOtt', NH 3 <0«IE*tt±Ei:ra*^L"C, TMI^r 
4 X 1 0~*a t nu TMG^r 2 X 1 0 " s a t mGO^EET* 
tirc-r^ ^-iot, A 1 G a NiK', InGaN^fe 
^S^fcr^^C/^U^ftJlSr^i-So InG 
a N^fcT**V-vyUjSft/l±tc: % AlGaNi^lfSCO 
A 1 G a Ni^fift#iHi:*#-Cricft*^S, r<Z> 

±5I-Ut, GaNS«±fc^A^^o*i6*»/#^ 
-t^>«*. *Btt<z>»Blffias»&ft, u-W^-K 
[0 0 5 8] ^V*— Ktt. ii*»Kw«»tcK 

f7r^rgffiiG a Ni^3SEcoi®^^£9 5 

Wf-±*l«, GaNSW(OSfififfftL4^7S:i!), 
Wt;xtfi»CGaNjt3i^ *K#*UV^HAS 

[0 0 5 9] t£jo s GaN/^7rI<!:GaNx^^ 
t >I i ^ 6 45 G a NSfifi, 7 0/imJ^l4 0 0 

[0 0 6 0] (m5^IIJ6c^?gftl) rcO^ScDUffico^ 
It'ft, G a A s (111) ASg«8_LfCfi0S 

tt*^* y y^ffl^ts i O a co»JK£ 1 0 0 nm 



(8) ftffiW-l 0-114600 
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/ (RIE) '0 bCD* h ?<<{ 

Aims i0 2 f^^TSfcSr+S. *0>8K 

t^^y^ h«it^:^f:i:ot, lOOnmgg 
coff^lrff 5S i0 3 ^645, S^rnggcOfc^iyf 
^^h7Y7'^-y^ft5GaAs (ill) A® 
»g 8 

[0 0 6 1 ] r<Z)gL ±^L7tHffi^^^i:fsI«, Ga 
As (111) Affi£6t8±fcG a N*r#ft$-fc-<5 0 A 
ffWfC^ HC lSCOx^f y/fg^^'iJGaAs (l 
10 11) Affi*«8«rW»aUfc«, WaAs (1 1 
1) Ag£«8£Rt£^-<r W<5 4rtfcSg-rSo rL 
t\ ffifcWlDSRfc — ^ 5 5t£<£oTG a As (ill) A 
ffiS«8«rflO«L-C, ±ELfc*Jfi<?5?l!?IBi:ISI*, Ga 
As (111) AS£«8*5 0 0°CgafC«^t5o 

r^A (TMG) *3 <t CF^bPk^f «r ^ -S-ft-pft^JBE 8 x 1 
0"*a tm*5±t;8 X 1 0 ~* a tmT'^AL^o — *\ 

i2^3AP5 2i)^ry ; t-r^ (nh 3 ) * 

^JBESXlO^a tmT?*At5o 3K75ftft"C 1 5 »W 
20 /£*£i£5r. tic* 0tt3 0 nm<DG a ;/ :7r JB4: 
G a A s (111) ASIfi8±^U^o 

GaAs (111) AES«8*«StaD«lfc-# 5 
5K£-z>Xfiumi-Z>^ klc£ Y) 9 2 0 -(?#It5o 
C:^^. TMG. HCK NH 3 <fc^ft^ft(Z>#£E*\ 
2 X 1 0 ~ 3 a t m % 2X10 ~ 3 a t nu 2X10 _1 at 
mfclRSU 1 O^BBriiftS^So GaN^ 
y7rl±^» 10 0 Mm<7?G a Nrc fcf ^ v'-yA'Ji*' 

[0 0 6 2] ^cOG a N^t: a ^ ^>-y/UJl^ &&CD$] 
30 ffltcSbM^-CWU iMl/fcttaS££, A S i 0 2 JR±fCtt^ 
</fcB£ft"Fk:* GaAs (111) A®S-S8±f:(0 

# *rU*A>f£-Skm<n&fr&V£}Bl'. -£-ftK#o-C. S i 
O a j&ifCfcG a N3ifcf# *^*A'JlOflC&l«IJ«* (la 
teral gro«rth) ;&S±£5o rfttCfc 5, S i 0 2 J&_tT* 

10 0 Mm^/?^^r^Ti-SG a Nxk^^^/H^ 
40 A*-fi*G a N^$MSI?JRTfc5 : iiSXj»«*«¥#f 

J&>&flfcB£ftfca 

[0 0 6 3] rk, iWft***iry^ri«r2» 

k\C£ '0 , GaAs (111) A®SS8«r-r 
^<"CB»*+5o rc0i5fCLr. GaN^j/7rgtG 
a Nxf^arVtMi^^^^ 100^ mgS^J?^ 
«r*^-«GaN**iSfP*-e*S« mtt, ^*^Ga 

50 COG a NSfit'fiG a NJl<OT*-8'Ja<^3S«^ffffi L 4 
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[0 0 6 4] HggfCi^CO^-ST-Siit LAcG a Nlffii 
fc. HIco^Ii iia«<z>J6rffifcj;o-C, TIE go J; 5 fc: 
Ztb^^f-n^tftfZ&Z^Mlsfz, -ftefrh, GaNS 

«rl. SXlO^atm, TMG. TMA*£fctw6X 
10- 4 atmMSAU 8 5 0t-CifilO»B«ftS 

rtU-J:^ AlGaNlMt^ 
8 0 0^ NH 3 c6st*tt±lE<bBI*tcLr, TM I 
£4X10 " 4 a tm. TMG £2X10 ~ s at mG05*J£ 
tStrt^iot, AlGaNi±[C, I nGaN^ 

I nGaNxW*S/t^ftl±C AlGaNl* 
±I5^A 1 G a N«<Z>dIfi*fr iBI li*«=t?*«S* 
So r^i5{:LT, GaNiSif:^7;K ^oflliS 

[0 0 6 5] Jfcfe\ ±aL7tJ(fifcJ:tfJ|l2©3ejfi(?D» 

^<OA 1 G a.NJ:fcr^*-v'^UJl3*Jcta 5 5*fflV^ 
/M8WW:r*UcR6e>i\ Ga. Al, I n*±yN 

7 3/ KJi«. V^nt, I nG a N**Ji4 iifctSELT 



(9) Wffi^l 0-114600 
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Jl 4 jaqB3£-*-S i: & Jft5 0 
[0 0 6 6] 

£U:0>±5^ *«WKlJ:n«, G a A 
si*o±i;»wy *i^fc:*4&**J*L7S:», G a A 
s S«<z>4>*< i i £ i 9 

G a A s SS^^*^^^^T^5^^it^ 

[122] *|g^omifei^m2^^S£co^flifcJ:sig 
jfcSW-ffl v >£ 3i tr* * v^r £ m^co Stigma -fc* £ 

LTtWfffiSI-CfcSo 
*co»fffi|2-cS>5o 

[B5] 4«M<o»3<o**<o*!IBfcJ:a**3l5^«:* 

8 : G a A s S-K 

9 : miktfvt?Mk&*i 




6' 



(10) 



Wm^l 0-114600 



me: 



TMG-i-H* 



HCI+H2 




■ NHs-^-Ha 



